The fresh ginseng roots were extracted with aqueous methanol, and the obtained extracts were partitioned using ethyl acetate, n-butanol, and water, successively. The repeated silica gel and octadecyl silica gel column chromatogaraphy for n-butanol fraction afforded four diol ginseng saponins, ginsenosides Rb 1 , Rb 2 , Rc, and Rd. The physicochemical, spectroscopic, and chromatographic characteristics of these ginsenosides were measured and compared with those reported in the literature. Some of the peak assignments in previously published 1 H-and 13 C-nuclear magnetic resonance (NMR) spectra were inaccurate. This study employed two-dimensional NMR experiments, including 1 H-1 H correlation spectroscopy, heteronuclear single quantum correlation, and heteronuclear multiple bond connectivity, to determine exact peak assignments.
INTRODUCTION
Saponin is one of the most important compounds in Panax ginseng C.A. Meyer which exhibit various pharmacological activities. To date, approximately 70 kinds of saponin have been isolated from Panax ginseng. Most of them are protopanaxdiol and protopanaxtriol, which are aglycones of dammarane-type triterpenoids. Only a few ginsenosides, such as ginsenoside Ro, are aglycones of oleanolic acid [1, 2] . Identification of ginsenosides is usually performed by nuclear magnetic resonance (NMR) analyses, but several discrepancies and/or inaccuracies exist in the published NMR data. Among ginseng saponins, we previously described the various physicochemical properties of ginsenoside Rg 1 , measured with standardized methods, and further identified signals in its two-dimensional (2-D) NMR spectrum [3] . In the present study, we acquired physicochemical and spectroscopic data from four major diol-saponins, i.e., ginsenosides Rb 1 , Rb 2 , Rc, and Rd. The aglycone of ginseng diol-saponins is protopanaxdiol, which is a dammarane moiety hydroxylated via β-linkages to carbon atoms C3, C12, and C20 with a double bond between C24 and C25. In diol-saponins, a sugar group is attached to the hydroxyl groups at C3 and C20. In ginsenosides Rb 1 , Rb 2 , Rc, and Rd, sophorose [β-D-glucopyranosyl-(1→2)-D-glucopyranose] is β-linked to the hydroxyl group at C3. In ginsenoside Rb 1 , β-D-glucopyranosyl-(1→6)-D-glucopyranose is β-linked to the hydroxyl group at C20. α-L-Arabinopyranosyl-(1→6)-D-glucopyranose J. Ginseng Res. Vol. 34, No. 2, 113-121 (2010) is β-linked to the hydroxyl group at C20 in ginsenoside Rb 2 , and α-L-arabinofuranosyl-(1→6)-glucopyranose is β-linked in ginsenoside Rc, and β-D-glucopyranose is β-linked in ginsenoside Rd (Fig. 1 ). All four of these saponins are bisdesmoides, in which a sugar is attached at C3 and C20. NMR peak assignments for the hydroxyl group and the methyl-linked carbon atom, the olefine carbon atom, and protons linked to individual carbon atoms differ significantly in the literature [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . Although ginsenosides were identified in the 1970s, the lack of 2-D NMR techniques limited the amount of structural information available. As a result, past reports may contain inaccurate peak assignments. In the present study, individual signals were identified using modern 2-D NMR techniques. These included heteronuclear single quantum correlation (HSQC), which provides information related to hydrogen atoms bound to a given carbon atom, and heteronuclear multiple bond connectivity (HMBC), which yields information on neighboring hydrogen and carbon atoms. Melting points, specific rotation, infrared (IR) absorbance, and fast atom bombardment/mass spectrometry (FAB/MS) data were also collected using standardized methods and data were discussed relative to literature values [17] [18] [19] [20] [21] [22] [23] . Retention factors (R f ) of each saponin in both normal and reversed-phase thin layer chromatography (TLC) experiments and the standardized retention times of each ginsenoside through a carbohydrate-based high-performance liquid chromatography (HPLC) column are also presented herein.
MATERIALS AND METHODS

Ginseng samples
Six-year-old fresh ginseng roots were purchased from the Geumsan ginseng market in Chungnam, Korea in October 2007.
Reagents, instrumentation, and measurement methods
Kieselgel 60 was purchased from Merck Co. (Darmstadt, Germany). Kieselgel 60 F 254 and RP-18 F 254S were used as solid phases in TLC. The former utilized a mobile phase composed of CHCl 3 -MeOH-H 2 O (65:35:10); the latter mobile phase consisted of a MeOH-H 2 O blend (3:1). Detection of substances on the TLC plate was performed by observation under a UV lamp (ENF-240C; Spectronics Corp., New York, NY, USA) or by spraying the developed plate with 10% aqueous H 2 SO 4 followed by heating and observing color development. HPLC was performed at 50°C and 30 psi using an LC-20A (Shimadzu, Kyoto, Japan) equipped with an evaporative light scattering detector (ELSD; Shimadzu). The HPLC analytical column was a Carbohydrate ES (4.6×250 mm, 5 µm; Grace, Deerfield, IL, USA). The column was eluted in a step-wise gradient at a flow rate of 0.8 mL/min using solvent A (acetonitrile-H 2 O-isopropanol=80:5:15) and solvent B (acetonitrile-H 2 O-isopropanol=60:25:15). The elution schedule was as follows: 25% solvent A for 28 minutes, 75% A for 75 minutes, 90% A for 50 minutes, and 100% A for 60 minutes. NMR spectra were recorded on a Varian Inova AS 400 spectrometer (400 MHz; Varian, Palo Alto, CA, USA). Then 0.0625 mol of each ginsenoside (69.3 mg Rb 1 , 67.4 mg Rb 2 , 67.4 mg Rc, and 59.1 mg Rd) was dissolved in 0.75 mL (0.083 M) pyridine-d 5 and placed in a 5-mm-diameter NMR tube (Norell, Landisville, NJ, USA) with a tetramethylsilane internal-standard adjusted to 0 ppm. IR spectra were measured with an IR spectrometer (599B; Perkin Elmer, Waltham, MA, USA). Two milligrams of each sample was dissolved in 100 uL of MeOH and one drop of the solution was poured onto a CaF 2 salt plate (Spectral Systems, Hopewell Junction, NY, USA) and allowed to evaporate. Measurements were performed at room temperature. FAB/MS was carried out with a JMS-700 mass spectrometer (JEOL, Tokyo, Japan) using glycerol as the matrix. Optical rotation was measured with a P-1020 polarimeter (JASCO, Tokyo, Japan) on 10 mg of each ginsenoside, dissolved in MeOH in a 1 mL sample cell at a depth of 1 dm.
Isolation of diol ginsenosides
Twenty kilograms (fresh weight) of 6-year-old fresh ginseng roots were cut into pieces and extracted with 90% MeOH (50 L) for 24 hours at room temperature. The extracts were passed through filter paper and the residues were extracted twice more with 80% MeOH (6 L). The filtrate was evaporated under reduced pressure at 45°C to yield 2.2 kg of dried extract. The dried extract was partitioned between ethyl acetate (EtOAc, 
RESULTS AND DISCUSSION
The purity of the isolated compounds was over 99% as determined by HPLC and 1 H-NMR. Most of the saponins were obtained as white powders. This agrees 1) The signals, the coupling pattern of which was not described, were overlapped each other. 2) Chemical shift, coupling pattern, J in Hz. 
,20β-trihydroxydammar-24-ene. Since ginsenoside Rb 1 contains four attached sugar moieties, it dissolved easily in methanol, pyridine, and dimethyl sulfoxide (DMSO). The few double bonds and many oxygen-linked carbon atoms made pyridine-d 5 the better suited solvent for NMR measurements due to less overlap of ginsenosides and solvent-derived signals, although both methanol and DMSO have been used. 13 C-NMR measured in the former solvent exhibited peaks that were generally shifted to lower magnetic fields relative to those encountered when acquiring spectra in pyridine-d 5 [8, 16] . The extent of this shift was approximately 1.2 to 1.5 ppm and could be as high as 2.0 ppm. In particular, oxygen-linked carbon atoms C3 and C20 were shifted to lower magnetic fields with chemical shifts of 2.6 and 2.1 ppm, respectively. Among the eight methyl groups, C21 and C28 showed the largest shifts of 5.1 and 3.7 ppm, respectively, as confirmed by HSQC measurements. C21 and C28 were identified as the peaks at 22.468 ppm and at 28.162 ppm, respectively. In contrast, NMR spectra measured in DMSO-d 6 were generally shifted to higher magnetic fields by 0.5 to 1.0 ppm [16] . Although C20 was observed at lower magnetic fields than those indicated in the literature when measured in pyridine-d 5 [5, 9, 17] , C2' and C20 gave rise to peaks at δ C 83.486 and δ C 83.281 ppm, respectively, with C2' at the lower magnetic field. In this case, since these two carbon atoms were representative of a methine group and a quarternary carbon, respectively, identification was easily made via distortionless enhancement by polarization transfer measurements. Also, the methyl carbon atoms C18 and C19 corresponded to peaks at δ C 16.091 and δ C 16.356 ppm, respectively. However, the order of the chemical shift differed from that of literature sources [5, 7, 9, 17] . The significant difference in chemical shift between H18 (0.94 ppm) and H19 (0.79 ppm) indicated that the signals at 16.091 and 16.356 ppm, which were correlated with each proton signal in the HSQC spectrum, corresponded to C18 and C19, respectively. In the 1 H-NMR spectrum in reference [4] , signals corresponding to H26 and H27; H28 and H29 yielded identical chemical shifts. In the current study, the allylic methyl protons H26 and H27 yielded peaks at 1.59 and 1.64 ppm, and H28 and H29 yielded peaks at 1.25 and 1.08 ppm, respectively. This relationship was confirmed by HMBC and HSQC spectra. Among the anomer hydrogen atoms H1'" and H1"" of the sugar moieties, the latter was reported to appear at lower magnetic fields [4] . However, in the current study H1'" and H1"" yielded peaks at 5.08 and 5.04 ppm, respectively, which differed significantly from the chemical shifts cited in the literature. The results of the current study were verified by a J 3 correlation between H1'" and C20 (δ C 83.281), and between H1"" and C6'" (δ C 69.746) in the HMBC spectrum (Fig. 2) . The observed chemical shifts of C18 and C19 in the 13 C-NMR spectrum differed from those in reference [17] . The significant difference in the chemical shifts of H18 (0.95 ppm) and H19 (0.81 ppm) indicated that the 13 observed correlations among C4 (J 2 , δ C 39.771), C29 (J 3 , δ C 16.712), C3 (J 3 , δ C 89.006), and C5 (J 3 , δ C 56.438) (Fig. 4) .
,20β-trihydroxydammar-24-ene. NMR peaks corresponding to C18 and C19 were observed at δ C 16.394 and δ C 16.679, respectively, which differed from the assignments reported in the literature [10, 11, 14, 17] . The significant difference in chemical shift between H18 (0.95 ppm) and H19 (0.82 ppm) indicated that the 13 C peaks at 16.394 ppm and 16.697 ppm, which were correlated with both protons in the HSQC spectrum, corresponded to C18 and C19, respectively. The chemical shifts of the methyl carbon atoms C27, C29, and C30 differed from those in the literature [13] [14] [15] . The distinct difference in the chemical shifts of H27 (1.60 ppm), H29 (1.09 ppm), and H30 (0.95 ppm) indicated that the 13 C peaks at 18.183 ppm, 17.023 ppm, and 17.789 ppm, which were correlated with these protons in the HSQC spectrum, were C27, C29, and C30, respectively. For the tetracyclic triterpene compounds characterized herein, many of the methine and methylene proton signals overlapped at higher magnetic fields. In addition, many of the oxygenated-methine proton signals of the four-sugar glycoside overlapped in the 1 H-NMR spectrum. Thus, identification of each signal would be very difficult based solely on one-dimensional NMR techniques. To date, peak assignments in NMR data for these types of materials has been based on previously reported data. However, much of the earlier data may be erroneous due to instrument-resolution limitations. 
